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11-40130 

(54) [Title of the Invention] 
Separator for secondary batteries 
(57) [Abstract] 
[Problem] 

To provide a high-quality, high-strength, thin separator for 
secondary batteries having excellent heat resistance. 
[Means of Solution] 

A separator for secondary batteries being a thin porous sheet 
obtained by impregnating a nonwoven fabric comprising heat- 
resistant fibers with a heat-resistant resin, the sheet having a rupture 
temperature of 250°C or higher and a tensile strength of 1 .0 kg/1 5mm- 
width or higher. 

[Claims] 

[Claim 1] 

A separator for secondary batteries being a thin porous sheet 
obtained by impregnating a nonwoven fabric comprising heat- 
resistant fibers with a heat-resistant resin, characterized in that the 
sheet has a rupture temperature of 250°C or higher and a tensile 
strength of 1 .0 kg/15mm-width or higher. 

[Claim 2] 

A separator for secondary batteries, characterized in that the 
heat-resistant resin is a phenol resin or a polyimide resin. 
[Claim 3] 

The separator for secondary batteries according to claim 1 or 2, 
characterized in that the thickness of the thin porous sheet is 40 jim or 



less and the average pore diameter thereof is 0.5 to 5 pm. 
[Claim 4] 

The separator for secondary batteries according to any one of 
claims 1 to 3, characterized in that the heat-resistant fibers are para- 
5 oriented aramid fibers. 

[Detailed Description of the Invention] 

[0001] [Technical Field to which the Invention Pertains] 
The present invention relates to a separator for secondary 

batteries, and more particularly to a separator for secondary batteries 
10 that can be used as a power source in various electronic equipment, 

especially to a high-quality thin separator for secondary batteries 

having excellent heat resistance and high strength. 
[0002] [Prior Art] 

Secondary batteries have come to be used as power sources for 
15 portable electronic equipment, such as OA, FA, household electric 

appliances, communication equipment, etc., and recently, from energy 
and environmental concerns, also as large-scale high-capacity power 
sources such as uninterruptible power sources, electric migration 
media, and load conditioners. As a result of the reduction in size and 
20 weight imposed by the devices in which they are used, such secondary 

batteries used as power sources must have excellent properties as 
regards volume and mass energy densities, as well as superior safety 
and long-term storability. Secondary batteries used include for 
instance nickel cadmium batteries, nickel hydride batteries, and, more 
25 recently, lithium ion batteries, currently being researched and 

developed, and which apparently have the highest energy density. 
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[0003] In such lithium ion secondary batteries, lithium is 
eluted upon charging, as a lithium ion, from the positive electrode 
active material of the positive electrode into the electrolyte of a 
separator, and penetrates into the negative electrode active material of 
the negative electrode; upon discharging, the lithium ions that had 
entered the negative electrode material of the negative electrode are 
discharged into the electrolyte and return again to the positive 
electrode active material of the positive electrode to carry out thereby 
the charge/discharge operation. 

[0004] Most such lithium ion secondary batteries are 
square-type batteries, in which the active material is applied onto one 
or both faces of a metal-foil collector to create sheet-like positive and 
negative electrodes, a plurality whereof are then sequentially 
laminated with interposed separators of polyethylene or 
polypropylene, to yield electrode pairs of a predetermined size; 
alternatively, the lithium ion batteries are cylindrical cell batteries, in 
which long positive and negative electrodes are rolled with interposed 
separators of polyethylene or polypropylene. The properties required 
herein of the separators to be used include for instance a 
predetermined tensile strength for winding, and as positive and 
negative electrodes, electrical and mechanical separability, and ionic 
permeability. As such separators are mostly used microporous films of 
polyolefin resins such as polyethylene, polypropylene or the like. 
[0005] [Problem to be Solved by the Invention] 
However, the above batteries are problematic in that, when 
internal shorts occur inside the battery, the separator between the 



positive and negative electrodes facing the location where the short 
has occurred may undergo heat-shrinkage and heat-melting, causing a 
direct short of the positive/negative electrodes; as a result, the internal 
short propagates releasing large amounts of heat in the vicinity and 
blowing out large amounts of gas. 

[0006] A nail perforation test, in which a positive and 
negative electrode short is artificially provoked by driving a nail into 
the battery from outside, is usually performed as a simulation test of 
internal shorts in batteries. The present inventors discovered that in 
batteries such as the above-mentioned lithium ion secondary batteries, 
the process leading to large gas blowouts upon nail driving involved 
partial shorts by nail-driving, large current flows in the 
positive/negative electrodes caused by partial shorts through nail- 
driving, resistance-induced release of heat in the electrode sections, 
heat-melting of the separator disposed between opposing positive and 
negative electrodes, loss of separation power of the separator, and 
large heat release through contact between opposing positive/ negative 
electrodes. In light of the above, it is an object of the present invention 
to prevent heat-melting of separators between opposing positive and 
negative electrodes even when internal shorts occur inside batteries, 
such as lithium ion secondary batteries or the like, and to minimize 
damage to the battery itself and the influence thereof on the 
surrounding area. 

[0007] [Means for Solving the Problem] 

In order to solve the above problems, the separator for 
secondary batteries of the present invention has the following 



constitution. Specifically, the separator for secondary batteries of the 
present invention is a thin porous sheet obtained by impregnating a 
nonwoven fabric comprising heat-resistant fibers with a heat-resistant 
resin, the sheet having a rupture temperature of 250°C or higher and a 
tensile strength of 1.0 kg/15mm-width or higher. A second invention 
of the present invention is a separator for secondary batteries 
characterized in that the heat-resistant resin of the above first 
invention is a phenol resin or a polyimide resin. A third invention of 
the present invention is a separator for secondary batteries according 
to the above first, second inventions, characterized in that the 
thickness of the sheet is 40 jim or less and the average pore diameter 
is 0.5 to 5 jim. A fourth invention of the present invention is a 
separator for secondary batteries according to any one of the above 
first through third inventions, characterized in that the heat-resistant 
fibers are para-oriented aramid fibers. 

[0008] [Embodiment of the Invention] 

Heat-resistant fibers used in the present invention include for 
instance para-oriented aramid fibers or the like. In order to improve 
papermaking properties beating is preferably performed to yield a 
freeness of 140 ml or less. Through the beating process, the fibers 
become ultra-fine fibers of 1 jam or less, and papermaking properties 
and strength are improved. The ultrafine heat-resistant fibers obtained 
through beating are made into paper in a wet-type paper machine to 
yield thin sheets. The obtained sheets are impregnated with heat- 
resistant resin at a concentration of 10% or more, and a viscosity of 
lOOcp or less, after which they are compressed and thermally treated 



to yield a separator for secondary batteries. Other suitable heat- 
resistant fibers include for instance polyimide fibers, phenol resin 
fibers, poly(para-phenylene benzobisoxazole) fibers (PBO), 
polyphenyl sulfone fibers (PPS), polyether ether ketone fibers (PEEK), 
alumina fibers, quartz fibers, alumina silica fibers, etc. 

[0009] Provided the goal of the invention is achieved, the 
heat-resistant resins used in the present invention may be either 
thermoplastic resins or thermosetting resins, though phenol resins or 
polyimide resins are especially suitable. Other suitable heat-resistant 
resins include for instance silicone resins, epoxy resins, furan resins, 
fluororesins, amide imide resins, imide resins, etc. 

[0010] The method for impregnating the heat-resistant 
resin in the present invention involves impregnating the sheets with a 
resin solution having a concentration of 10% or more of heat-resistant 
resin, and a viscosity of 100 cp or less. Depending on the use of the 
final product, the thermal treatment used herein may be a combination 
of hot calendering and curing treatments. The rupture temperature of 
the battery separator according to the present invention is 250°C or 
higher. The tensile strength is 1.0 kg/1 5mm-width or higher. 

[0011] The use of the separator according to the present 
invention allows minimizing damage to the battery itself and the 
influence thereof on the surrounding area, when internal shorts occur 
inside batteries, without heat-melting of separators between opposing 
positive and negative electrodes, and without thermal runaway caused 
by internal shorts. 

[0012] [Examples] 
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The present invention is explained next in detail by way of 
examples and comparative examples. The scope of the present 
invention is not limited to these examples. In the method for 
evaluating the rupture temperature (TMA system), a load of 70 g is 
applied to a 3 mm-wide sample strip, which is heated at 15°C/ min 
until rupture, the temperature at rupture being the rupture temperature. 

[0013] Example 1 

1 -fibril-type para-oriented aramid fibers (Twaron 1094, from 
Nihon Aramid) were further beaten to yield a fiber slurry having a 
freeness of 50 ml, to which was added an emulsion of thermosetting 
phenolic resin at a solids weight ratio of 5%; then the pulp was 
processed in a TAPPI hand-papennaking sheet machine to yield a thin 
paper having a basis weight of 20 g/m 2 . The dry sheet obtained was 
dipped in a phenol resin varnish (Univeks N, from Unitika Co., 
concentration 10%, viscosity 10 cp) dissolved in alcohol, and was 
homogenized by passing through a squeeze-roll. The thickness of the 
sheet was adjusted to 30 jxm using a metal roll calender heated to 
250°C, with a nip pressure of 250 kg/cm. Curing was then carried out 
in an oven at 160°C for 30 minutes. The obtained sheet had a rupture 
temperature of 400°C, and a tensile strength of 1.6 kg/ 15 mm- width. 
The average pore diameter of the sheet was 1.0 jim. This separator 
was built into a square-type lithium ion secondary battery described 
below, to evaluate battery performance. 

[0014] The examples are described hereinafter while 
referring to FIGs. 1, 2 and 3. In FIGs. 2 and 3, 10 is a flat square-type 
battery case; this flat square-type battery case 10 comprises a battery 
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case body 10a made for instance of 300 jim thick stainless steel plate, 
about 115 mm long in the longitudinal direction and about 22 mm 
wide, and a top cover 10b made of 1 mm thick stainless steel plate. As 
illustrated in FIG. 1, inside the flat square-type battery case 10 is 
housed a laminate 14 obtained by mutually laminating sheet-like 
positive electrodes 2 and sheet-like negative electrodes 3, with 
separators 8 according to the present invention interposed 
therebetween. 

[0015] The positive electrodes 2 are manufactured as 
follows. Lithium carbonate and cobalt carbonate were mixed to a 
Li/Co molar ratio = 1 , and the mixture was then fired at 900°C for 5 
hours to synthesize a positive electrode active material (LiCoC^). This 
positive electrode active material was crushed using an automatic 
mortar to yield a LiCo0 2 powder. 91wt% of a mixture obtained by 
mixing 95wt% of the LiCoCb powder thus obtained with 5wt% of 
lithium carbonate were mixed with 6wt% of graphite, as a conductor 
material, and 3wt% of polyvinylidene fluoride as a binder, to yield a 
positive electrode active material that was then dispersed in N-methyl- 
2-pyrrolidone into a slurry; this positive electrode active material 
slurry was then applied to both faces of strip-shaped aluminum foil, 
being a positive electrode collector 5, so as to leave free a portion for 
leads; after drying and compression molding in a roller press, a sheet- 
like positive electrode 2 is thus manufactured having a positive 
electrode active material 4 applied on both sides of a positive 
electrode collector 5. 

[0016] The negative electrodes 3 are manufactured as 
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follows. 10 to 20% of oxygen-containing functional groups were 
introduced (in what is known as oxygen crosslinking) in petroleum 
pitch, used as a starting material. This material was then calcinated at 
1000°C in an inert atmosphere to yield a non-graphitizable carbon 
material similar in quality to glassy carbon. 90wt% of this carbon 
material was mixed with 10wt% of polyvinylidene fluoride as binder 
to manufacture a negative electrode active material that was then 
dispersed in N-methyl-2-pyrrolidone into a slurry; this negative 
electrode active material slurry was then applied to both faces of strip- 
shaped copper foil, which constitutes a negative electrode collector 7, 
so as to leave free a portion for leads; after drying and compression 
molding in a roller press, a sheet-like negative electrode 3 is thus 
manufactured with a negative electrode active material 6 coated on 
both sides of a negative electrode collector 7. 

[0017] The above sheet-like positive electrodes were die 
cut so as to leave a coated portion of positive electrode active material 
4 having a size of, for instance, 107 mm x 265 mm, joined to the lead 
portion, to yield positive electrodes 2. The above sheet-like negative 
electrodes were die cut so as to leave a coated portion of negative 
electrode active material 7 having a size of, for instance, 109 mm x 
270 mm joined to the lead portion, to yield negative electrodes 3. 

[0018] As shown in FIG. 1, one positive electrode 2 and 
one negative electrode 3, between which is interposed a 25 jim thick 
heat-resistant separator 8 according to the present invention having a 
size of 112 mm x 273 mm are alternately laminated in 34 pairs to 
form a rectangular laminate 1 as shown in FIG. 3. Herein, the lead 
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portions of the positive electrodes 2 are disposed on one side and the 
lead portions of the negative electrodes 3 are disposed on the other 
side. 

[0019] As illustrated in FIG. 3, the lead portions 
protruding from one side of this laminate 14 are welded through 
ultrasonic welding to a positive electrode leadout 11 comprising an 
aluminum prism. The lead portions protruding from the other side of 
the laminate 14 are welded through ultrasonic welding to a negative 
electrode leadout 12 comprising a copper prism. 

[0020] As shown in FIG. 3, the laminate 14 welded to the 
positive electrode leadout 11 and the negative electrode leadout 12 is 
surrounded by an insulating sheet; the laminate 14 is bolted via 
insulating rings 17, O-rings 15, and insulating collars 16, to the 
leadout portions of the top cover 1 0b using nuts 1 8 and screws 1 9, and 
is then welded and fixed to the battery case body 10a using laser 
welding. Herein, the flat square-type battery case 10 is filled with an 
organic electrolyte of LiPF 6 dissolved at a 1 mol/1 rate in a mixed 
solvent of propylene carbonate and diethyl carbonate. A safety valve 
13 is also provided on the to cover 10b for relieving gases from inside 
the airtight flat square-type battery case 10 when the internal pressure 
thereof exceeds a predetermined value. 

[0021] The lithium ion secondary battery according to the 
present example can yield a secondary battery having a capacity of 
47Ah. Incidentally, after charging at 4.2 V the lithium ion secondary 
battery of the above example, a nail-perforation test was carried out 
thereon, which resulted in opening of the safety valve after several 
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seconds to relieve a small amount of blowout gas, though the battery 
was discharged without thermal runaway. The rate of weight 
reduction before and after the test was of about 15%. This shows that 
a smaller weight reduction results in less gas blowout. This also shows 
that the battery in this Example 1 allows preventing large gas blowout 
occurrences, without thermal runaway, even in case of internal shorts 
in the battery, and allows minimizing damage to the battery itself and 
the influence thereof on the surrounding area. 
[0022] Example 2 

Following the same procedure as in Example 1, a fiber slurry 
obtained by mixing at a 40:60 ratio para-oriented aramid fibers 
(Twaron 1094, from Nihon Aramid), and adjusted to freeness of 40 ml 
and 80 ml, was stored in a raw-material chest; then elongated thin 
paper of basis-weight 16 g/m 2 was prepared using a cylinder paper 
machine. The dry sheet obtained was subjected to a continuous 
immersion/drying treatment in a polyimide resin varnish (Semicofine 
LP-52, from Toray Industries, concentration 10%, viscosity lOcp) 
diluted with N-methyl pyrrolidone, after which the thickness of the 
sheet was adjusted to 25 jim using a metal roll calender heated to 250 
°C, with a nip pressure of 280 kg/cm. Curing was then carried out 
passing through an oven at 180°C. The obtained sheet had a rupture 
temperature of 430°C, and a tensile strength of 2 kg/15mm-width. The 
average pore diameter of the sheet was 15 jim. This separator was 
built into a cylinder-type lithium ion secondary battery described 
below, to evaluate battery performance. 

[0023] For manufacturing the lithium ion secondary 
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battery of Example 2, a positive band-like electrode 40 is 
manufactured first as in Example 1, by applying a positive electrode 
active material 4 onto both sides of a positive electrode collector 5 
having a size of 280 mm x 1745 mm, while, a negative band-like 
electrode 41 is manufactured as in Example 1, by applying a negative 
electrode active material 6 onto both sides of a negative electrode 
collector 7 having a size of 283 mm x 1750 mm. 

[0024] A 25 pm thick heat-resistant separator having a 
size of 287 mm x 1755 mm was prepared as in the present Example 1, 
then the negative electrode, the heat-resistant separator, the positive 
electrode and a separator were stacked in this order as electrode pairs, 
which were then wound spirally for a predetermined number of turns 
along the longitudinal direction to form a spiral-like laminate. 

[0025] As shown in FIG. 4, one terminal of a negative 
electrode lead 45 made of nickel as the lead portion was resistance- 
welded to one side of the negative electrode, while one terminal of a 
positive electrode lead 46 made of aluminum as the lead portion was 
resistance-welded to one side of the positive electrode. 

[0026] A tubular battery case 47 made of nickel-plated 
iron, having a diameter of 50 mm and a length of 300.5 mm was 
prepared; on the bottom of this battery case 47 was inserted an 
insulating plate, then the spiral-like laminate 44 was inserted into this 
battery case 47 to be housed therein. Then, the negative electrode lead 
45 and the positive electrode lead 46 were respectively welded with a 
negative electrode terminal 49 and a positive electrode terminal 50 
provided on a battery cap 48. 
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[0027] The interior of this battery case 47 was filled with 
an electrolyte of LiPF 6 dissolved at a lmol/1 concentration in a mixed 
solvent of 50 vol% of propylene carbonate and 50 vol% of diethyl 
carbonate; the battery cap 48 was then fixed by crimping onto the 
battery case 47 via an insulating sealing gasket impregnated with 
asphalt, to manufacture thereby a cylindrical large-capacity lithium 
ion secondary battery having a capacity of 24 Ah. A safety valve 51 is 
also provided on the to battery cap 48 for relieving gases from inside 
the airtight battery case 47 when the internal pressure thereof exceeds 
a predetermined value. Incidentally, after charging at 4.2 V the 
lithium ion secondary battery of Example 2, a nail-perforation test 
was carried out thereon, which resulted in opening of the safety valve 
to relieve instantaneously a small amount of blowout gas; after that, 
the gas blowout settled and the rate of weight reduction after the test 
was 18%. A safety level identical to that of Example 1 was thus 
observed. 

[0028] Fibril-type para-oriented aramid fibers (Twaron 
1094, from Nihon Aramid) were further beaten to yield a fiber slurry 
having a freeness of 50 ml, which was mixed at a solids parts ratio of 
70/80 with a fiber slurry having a freeness of 200 ml obtained by 
further beating poly(para-phenylene benzobisoxazole) fibers ( PBO- 
AS by Toyobo Co., Ltd.); to the mixture was added an emulsion of 
thermosetting phenolic resin at a solids weight ratio of 5% (PR-51464 
from Sumitomo Durez); then the resulting pulp was processed in a 
TAPPI hand-papermaking sheet machine to yield a thin paper having 
a basis weight of 22 g/m 2 . The dry sheet obtained was dipped in a 
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fluororesin dispersion (THV-350C, from Sumitomo 3M, 
concentration 10%, viscosity 15 cp), and was homogenized by passing 
through a squeeze-roll. The thickness of the sheet was adjusted to 30 
H,m using a metal roll calender heated to 380°C, with a nip pressure of 
250 kg/cm. The obtained sheet had a rupture temperature of 300°C, 
and a tensile strength of 1.3 kg/ 15mm- width. The average pore 
diameter of the sheet was 1 .3 jum. 

[0029] This separator was built into a square-type lithium 
ion secondary battery, as in Example 1, to evaluate battery 
performance. In the present example, as shown in FIG. 5, the positive 
and negative electrode active materials are applied onto one face each 
of one positive electrode 2 and one negative electrode 3, between 
which is interposed a 25 jim thick heat-resistant separator 8 according 
to the present invention, with a size of 112 mm x 140 mm, having 
thereon and thereunder a 25 jim thick separator with a size of 1 12 mm 
x 140 mm comprising a polypropylene microporous film 9; the 
foregoing are then alternately laminated in 64 pairs to form a 
rectangular laminate 14 as shown in FIG. 3. Herein, the lead portion 
of the positive electrodes 2 is disposed on one side and the lead 
portion of the negative electrodes 3 is disposed on the other side. 

[0030] The lithium ion secondary battery according to the 
present example can yield a secondary battery having a capacity of 
45Ah. Incidentally, after charging at 4.2 V the lithium ion secondary 
battery of the above example, a nail-perforation test was carried out 
thereon, which resulted in opening of the safety valve after several 
seconds to relieve a small amount of blowout gas, though the battery 
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was discharged without thermal runaway. The rate of weight 
reduction before and after the test was of about 10%. This shows that 
a smaller weight reduction results in less gas blowout. This also shows 
that the battery in Example 1 allows preventing large gas blowout 
occurrences, without thermal runaway, even in case of internal shorts 
in the battery, and allows minimizing damage to the battery itself and 
the influence thereof on the surrounding area. 
[0031] Comparative example 1 

As a comparative example 1, 40 positive electrodes and 41 
negative electrodes identical to those of Example 1 were sequentially 
laminated with interposed polypropylene microporous films having a 
thickness of 25 jiim, as in FIG. 1, to yield the laminate 14 shown in 
FIG. 3, the rest of the constitution thereof being identical to that of 
Example 1 ; a lithium ion secondary battery having a capacity of 28 
Ah was obtained as a result. The battery of Comparative example 1 
was subjected to a nail-penetration test, the results of which showed, 
upon internal short, a large gas blowout, a considerable weight 
reduction rate of 110%, heat release by all the internal electrodes, as 
well as thermal runaway. 

[0032] Comparative example 2 

A 30 jim thick sheet was obtained as in the sheet of Example 1, 
except that herein the basis weight was 16 g/m 2 and no immersion in 
phenol resin varnish took place. The obtained sheet had a rupture 
temperature of 206°C, and a tensile strength of 0.8 kg/15mm-width. 
The average pore diameter of the sheet was 1.4 jim. A square-type 
battery was manufactured as in Example 1 using this sheet, and the 
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battery was evaluated. In the results of the nail-perforation test carried 
out for this Comparative example 2 were observed the occurrence of 
large gas blowout, a large weight reduction rate of 65%, and as a 
consequence of internal short, melting of internal electrodes in an area 
surrounding the nail some 50 mm across, together with thermal 
runaway. 

[0033] Comparative example 3 

A 40 jim thick sheet was obtained as in the sheet of Example 1, 
except that herein the freeness was adjusted to 600 ml/liter. The 
obtained sheet had a rupture temperature of 200°C, and a tensile 
strength of 0.7 kg/1 5mm-width. The average pore diameter of the 
sheet was 1 0 jxm (large). A square-type battery was manufactured as 
in Example 1 using this sheet, and the battery was evaluated. In the 
results of the nail-perforation test carried out for this Comparative 
example 3 were observed the occurrence of large gas blowout, a large 
weight reduction rate of 71%, and as a consequence of internal short, 
melting of internal electrodes in an area surrounding the nail some 50 
mm across, together with thermal runaway. 

[0034] [Effect of the Invention] 

In the present invention, it is possible to prevent the effects of 
internal shorts occurring inside a battery from spreading to 
neighboring positive and negative electrodes by using the heat- 
resistant separator of the present invention in a laminate obtained by 
laminating positive and negative electrodes with interposed separators; 
the invention is advantageous thus in minimizing damage to the 
battery itself and the influence thereof on the surrounding area. 
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[Brief Description of the Drawings] 

FIG. 1 is an enlarged cross-sectional diagram illustrating the 
relevant portion of one example of a lithium ion secondary battery 
according to the present invention. 

FIG. 2 is an exploded perspective view of a flat square-type 
lithium ion secondary battery. 

FIG. 3 is an exploded perspective view of a laminate electrode 
housed in the battery case of FIG. 2. 

FIG. 4 is an exploded perspective view of a cylindrical-type 
lithium ion secondary battery. 

FIG. 5 is an enlarged cross-sectional diagram illustrating the 
relevant portion of a lithium ion secondary battery according to the 
present invention. 

1,14: laminate, 2: positive electrode, 3: negative electrode, 4: 
positive electrode active material, 5: positive electrode collector, 6: 
negative electrode active material, 7: negative electrode collector, 8: 
separator, 9: polypropylene microporous film, 10: battery case, 11: 
positive electrode leadout, 12: negative electrode leadout, 13, 51: 
safety valve, 15: O-ring, 16: insulating collar, 17: insulating ring, 18: 
nut, 19: screw, 44: spiral-like laminate, 45: negative electrode lead, 46: 
positive electrode lead, 47: battery case, 48: battery cap, 49: negative 
electrode terminal, 50: positive electrode terminal. 
[FIG. 1] 
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[FIG. 2] 
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SSA<2 5 o°CKl-fc-e. **oSlo»yi$$j&<i . Okg 
/<U— 5". 

[»#JS2] «riB»tttt«HB*<7x/-;H«aiXtt# 

[H#JS3] fl>E*X*?LttS'-ha>B£ftt4 0jlm 10 
JUT. VISTLSA^O. 5~5/(mfJoSCt^att 

[«#Jl 4 J HIfBii»8ftteS88l*</ < ^ BR 7 5 5 Kttft 
■C**wfc*W«f<-*il#fl1 1 ~3fl)l»f*i4»l *i= 

[0001] 
[0 0 0 2] 

[fi£*<0ftflj] ^*«5fil±, OA. FA. S«. aft* 

sir©*-* ?ju«TWMi*a. *fcaifiT?i±. i?- 

- Ka>f ^ S/at-»«)a*aUt LTtttB 

IV t*». mfix^^-®SA<S<. LfrtS±T?£ 30 
5fc£LTI±. -ry^iU • * KS^AfiJfe. — ry^-ii/** 

[0003] ^(O'j^^A-f^-^-^maii. *e®b#i* 

as*»H*i=Ay>i*. jsmssicii:: ©maaaama 
s«jh* ic a y JiA/fc* u A-r *>A<afl? 40 

•3 r Kttmsa^ £ fr o -c i» * „ 

[0 0 0 4] C*lb<0 , J^*t7A-1'^->-^® / : teli. 

n*©iE&i/fia®a£fM£u tfyx^u>ti,<i* 

#'J tf u>©-fe/<U— $ £fl-LTJ3rSOT*£S©a 
aW$^»Bl?3?a®Lf=ftSf|jfe. fc£lM*gR©IE& 

i/mana * ^ u x ^ u > t u < 1*^ y ^ p tf u >ro -t 



i/. ma. aa©ast«. ansMfcinsfiitt. -**>©;! 

jatt4<±lf t>;h-i>. C©J;5>S:-b><U-* £ LTI*. 

tK'J ^otfu^ro/tfy^u^-f^ail© 

[0OO5] 

i>iE;Ri/mamaffl©*/<u-*A<s»*ueu -b/<u- 
^A^jsiau-ciEfimaAmsva-h-r^igm. wsp 

[0 0 0 6] -flftlzmJ&OTrtgPva-hoaaiiSi: L 

r. m*^sp*^«i$$i]L. A^wiciERt;masa$- 

I*. ±&©to£y^A^;T>:z&fL^©m;fe>!><IT!li!l 

3-hi=«t-o-c. lEnaai-^assA^ti.. aassT© 
»stic«fe*fBSft*<ecy. ttisrf 4iE;&i;fiamafyi<z> 

y. ^isi-r^iEmBa^^w^teiz.fcy^^izs^c 

*.-5C±:£BMi:-f-So 
[0007] 

[i$si£8?ife-f •sfctto^e:] ±SHaasp*-r-s>fc 
to. ^SEB^aj-^maffl-b/^u— ^i±5fe<oa»a*t*o 

(D1»EgiSJSA<2 5 0°ctl±. *^?l^5fiy5i$*<l . 0 

kg/i 5mmriim±T-fc3c££4#a£-f a-atma 
ffl-b/<u-^T?fe^. **B^wm-ro»B^ii, ± 
fEm-rosiBBOTiiitsatttasiA^ x y -vuanxii* u -r 

5 K^ii-efe-5Ci:$^ai:-r-5-?)?Saffl-b/<U— * 
*<4 0//mJUT. sp^lTLgA^O. 5~5//mfSi*Ct 

^at-r-s. ±ffim-. m-rosEBBo>-^aaffl-b/< 

m — m=<osEBjo)L>-rtiA^©«B^<D-^mji!!ffl-b/tu 
— ^-efc-i)., 

[0 0 0 8] 

[ftBflrolllteroBS] **B^|-ffl^Si5t8ftttatii:L-C 
l±. f=i^.tf/^ElSlT7 5 Kaa?l*<^lf b*T-5o S> 

«tt^afts-r-S)fc*)Ka*4i±. **k*<i 4 o m i iut 
eaaii. 1 /imjaT<offlaa«tti:«:y. 
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£<> Hcw»tt«B*a*i o%ja±, tt 

gi o o c piuT-c^aaaLfctt. Eli. «i«as-r-s 

(pbo) % m*)?x.=Lj\,x)V7*>WM (pps) . 
#yx— f;i/x- x;u^-h>it*t (peek) . r^us 

"Cfe^o 10 
[0 0 0 9] *«mi=Rt^KM£tttt&LTtt. &pT 

M«aurc*«*<* 7xy-ju»»xi*#y-f s k«b 

y'j3->fflE x#*->»B. 
B* KBB* -f 5 KBBttJf t»ffl-C*4o 

[ooio] *Mlifii^tRWtWttS»tf«« 
fctLTIi* v-hS, ffl&te8Mgag 1 0%W±. « 

OLXTI±. **l»ft<Dffl&l::*3b-ti-T* SSfe^r-VU>y- 20 

**wicj3it4/<^-5ry— b/^u— ^<D«»a 

SI4 2 50°CJU±T&^o *fc5lo»y»*l*1 . Ok 
g/1 5mmrtliU±"Cfc-2>o 
[0 0 1 1 ] ftffl 

cta^-e**. 30 

[0012] 

[MM] :MM*MMAtfltttfl£J:yKl=Mlf= 
^-r^o *^BJ0)rt^i4. MMf=»&;h,**a>-ci* 
*l^o «Kaft0)l¥fiBi*a (TMAi/XfA) 

i 5^/^<D»aafiT-*i88Lfc^^icfiSBRics*aa 
[0013] m&m i 

7 < ^U^M©/<7EIS77 5 Kid (B*T^S K 
*a6a»K9P>io94) icEf-nPS^iiD*. 40 
fi5 0mli:Lfc««X7U-f:, IM«ttt^xy-ju 
»IBxT;i/S;3>*B»aajtl=T5%liDiL. tapp 

i^v/-h7v>i:r, »fi2o g /m2 ommm 

StMKLfc. tSfcK«iv-hS7^3-;UcSIBLfc 

gio%. miocp) icaatttyp— ;urzaa$ 
lp-;i/S^tu>?- rrr. 2 5 o k g /cm£0- 

^ErJSSHflBL* 30/imaf:, *t>fC1 6 0°C 
©*-?>*lC3 0#aAL*A7 r y>*fcffofc. T* 50 



^fcv-ha)S6KSgr*4 0 0 o c. SloBUB^tti. 

6kg/1 SmmrfJ-Cfeofco *fc* CCD V — ha>¥fc) 

-rftfiyy->A-fs->^*«aicB*a^ mantis* 

[00 14] JaT. BK @2M@3J#1LT, K 
B^-T^o 12 2. BSKJSLtT. 1 OttBTAHfta^—- 
*£»U C0ffl¥aH«a*— *l OI4«xl;OT* 3 
OO//m0)Xf>^fic):WJ, ei^rS3<7)S$*<BS3 
0 0mm. «{^|S](7)g*rt<B§1 1 5mm. J5£jb<B&2 2 
mm(Di^-X*«:i 0 a <t . J5£ 1 mm^fVL/ 

*£J:yjft«±Bi 0b^«ky«fiSt5, 

a**—* 1 optics 1 ic^-rsn< v— h^coiEama 

2 ^ >- htt(DtStS3$**B^t/^-^ 8 en 
ictf-Lfctf*. SElzBBLfeBBftl 4 £4x^**0 

[0 0 15] ^<DiEa«a2li*a)J:5l-LT»f*-r 
It) = 1 l=ft«J:3r-a*L. ^ft*T*9 0 0°C. 5B# 

MttALTiEaattatr (l i c 0 o 2 > e^aufe. 
cco]Eaa«Ba«*aM»Lit*fflL^T**L. ljco 

02 »*£»fco Z0>J: 5l:iLTf»t>*l*:L i C0O2 

*Lfca***9 1 mfl%. Lt^7^7-< h 

615%, e»tt£LT#y?5Mbfcfxy-x>3a*% 
©«*T?S*LTjEaS1Ml£U d;ft£N->^;u- 

2-epy K>ic»BLr^5y— *fcL. ca>3Eas 
^icx^ y -^iEamm<* 5 -cfcasauDTju s-oa 

«0>HBU:y— K»e»LTB*U n— 5- 

?u^itE««»u* jEaa«(»5a)HflizjEaatt 
■4tfw**ifc->- htta>2Ea*a2efttt'r«. 

[0016] *fcz<Dftaaa3f**<Dck3icLrftS 

t1 0~2O%3|A (L^^SlSffi Lfcfc* 

1 o o o^-eajaufc^^ttaaicifiixttM 

0>B*tt4bMB«mett«. ca)«a«»*9 0«a 

%. eatt£ ur#y 7^^e-uf>i ome%(D«i 
d-ea*Lrfta»BH*f*«L, ^SN-^fiu- 
2-tfpy K>i:»BLtX7'J-«4:L, C<D&a;£ 

»a^^y-ta«»«#7-c*4*«a)Baa)HBiz 
'j-K«aimu p-5-^u*«-c 
EiJtsL. aaaaf«:7<oBBicflaattK6«<B# 

[0017] co)v-htta)iEama^y-Kaiic^gi 

LfcjEaS»H4CDa*»a)***A<«jctf 1 0 7 mm 
x 2 6 5mm<b4^JD<ItSi?L, Eai«2^Lfc. 

n*<&maeae y- KBicsiBLfcaas* 

M7<Dg^gfl0)*££;b<0l|jU* 1 0 9mmx 2 7 0mm 
[0 0 18] *«l::fcl*TI*m \Z7T^tU< Z(D 1 #L(D 
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£ 1 1 2mmX 2 7 3 mm(7)*&ej3<Di§tJ»-fe/< U— 2 8 
^^LTSSIC3 4^7a»LT, H3lC^-riD<^ 

SW-<M <h * * *n < -r * t ^icmsma 3 a> y - Kff fi< 
[o o 1 9] @3iw^iia< i^aifti 4<B- 

ie*i'j-k<*i 1 icsg^ss&Kj: y?§3rra*o<-r 

[0020] z(D0 3ic^*o#iE&y-K<*i 1X1/ 
ft«y-R*1 2*<^$nfra®«:i 4JZ0)^S 
Oblcy-R*aJT?oy><?1 

8^:^vS1 9<tT?7t?;Uhlttf)U S;fe>r-x 

K ylfj^-^^~ h(7D;1^>§^|-L iPF6 £1 

l*?gfl<DSM*£lfc < 1 3 £i£l*£*0 < -T £o 

[00 2 1] M^^lCcfc^'J^^A-f^V-^mTfe^ 
«fc*U*. 7 A h (D-^Jf -5 - ^^T^ 

Z>o B^lc. iaWtDU^A-T 4. 2 

±#^^^a<D#XBBdi^fc^)gg-C. 30 

S"Cfc ofco d 0) mfiiliE'>#/J* * I > 15 <t* OR tib ft 

[0022] 2 

§58605 1 (t(^»S<Dfat5*Sf4 0m I <t 8 O m I IZ 
Si h*7P>1 09 4) ^4 0neO(DttmV^Ltzm 40 
1 6 g/m2 0)gRttCD^«^}*MLyco T-£*:$£& 
Bl^-X (m^Sf-trSia^r-OLP-s 2 $£1 O 

Mioc P ) caatattiiflitt. 2 5 o c cic 

JlDf&Lfc&gP — ;US!0)^^U>^— IZT. 280kg 
/cm<D-^^E-ei5*PS5L. 2 5 fJmt Lfc„ £ t> 
IC1 8 0°C(D*- ^>+^ffiii*ii-^^T l J >^£fro 
f:„ -C^/iv-h<Dffia5TSSli4 3 0°C, siossy&s 
Ii2kg/1 Smmftltfeofco ^fc, CCD V~ h<£>¥ 50 



[0 0 2 3] CO)|l!S«2(7)'J^OAY^>-^m^^ 
SS^-r^>0)lc5tr. 3EffiS4l4 0<!:L-C\ 3SJ£0!l1 £R 
tSlCLT. 2 8 Ommx 1 7 4 5mm(DIE<i^® 

t* 5 0)KBI=iEaSttK 4 Zmft L tc^tttDiEffiSffi 4 

o$sjf^-r^> < t^icassti4 1 tLx. mmm^tm 

«|CLT\ 2 8 3mmX 1 7 5 Omm(Q3g$l 

<* 7 conBi^MsiMt e £ l 4 

[0 0 2 4] £fcJ5£ 25/im, 2 8 7 mm x 1 

7 5 5mm<D*HJ6^1 £H i:»»-b/<U— * £JMt 

l. asms. nm-fe/.tu-*. lEsms. -t^u-* 
[oo2 5] *t % ■4ic»-riD<. mams^-am^ 

"J— K»fc Lt>'^U y*4M'J-K4 5©-iB 

**tts«*i- * y « <t mzmmw&<o-M- y - 
y«rr*. 

[0 0 2 6] *fc-^^U^ ^**JfiLfc«»<DlBS5 
Omm, g$300. 5 mmflDRHttOWJeffi 4 7 
tL, C<D«;fef&4 7(DJSai!C|fejSffi$Jf ALf:^, C 

a)«»ft4 7i=a*«aii(»4 4SitA«aft-r*. coo 

4 8 iC&ltfcfiffifiS* 4 9 Rt/iEfii4g^ 5 O 
"i:M'J- K4 5XtfIE«y — K4 6©**<Dffcffl£* 

[0027] fit, w<D«5ftft4 70)*IZ^PeL^> 

0^fi%<t<Dil^JS+lCL i P F6 1mol/'J*;h 

htaiflrLfc*«ttQ#X^r^ ht<hLtl»l4 8 £ 
«Sfift4 7|C*Ltf>«Zfc-C. ^a)t%l4 8$@$ 
L. SS*<2 4 AhORfSM^^gg^y^OA-f 

-^m^^Mff ufc. ^a>«»S4 8ic«nso) 

HIB'>«a)*fXi!RaiA<aDofc^ *(Dfftl*#Xi9iaiA<tt 

*y. ^@i^<7)mpaESfi^'>*i*i 8%r*feofc 0 « 

[0028] mfaffl 3 

^yn^SO/^IEfSlttT^S Kttlt (B*T^S 
K*a4tt8h9P>i 0 9 4) I^MfcPHM^^.. 
7kS50m I <b Lfc««A7y-lc. *'Jy<7^i-l/ 
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bo-as) iznmzimx-. *tKS2 o Om i t Ltzm 

£1 PR-5 1 4 6 4) $@^SSitlcr 5%iJD^.. T 
A P P I ¥8>^ V— h7y>Ct, »fi2 2 g/m2 (7) 

va> (ttS3MS THV-3 50C 1S1 
0%. fig15cp) lCSSL^yP~;HCffi®*1J:T 

—JlrgLCD** |r~C. 25Okg/cm0-^? 10 

Sgl*3 00°C. 5loSfiya$li1. 3kg/15mm 

[0 0 2 9] Z(D-b/<U-^$-Hffi^1CDig^t|^«(C 

mLtzo *«ic*5l>ti*. m 5 1^-^51^ jEftas 
•n*#^)tffiic«*Lfc i tt^iEfii®g2 <taa®a 

3 MU:JS$ 25//m, 1 1 2mmX 1 4 0 

fcJ5£ 25/im, 1 1 2mmX 1 4 Omm^^'J 

SI:6 4^7aBLt, 0 3lz^to<fi;*<*<7)»«t* 

<t tt«ta < *r « t ^icnama 3 a> y - kmmmi <t » 
[00 30] m&*m\z&&*)T^d±4*i'-#M%L\z 

B^ic. ±2fl«)U *m;ft£4. 2 
Vt'SlLfcft, fTMLKMefTofclML tt&ttdS 30 

istLfco umifi&v<DnM&<DW&fiL<pm*j i o%s 

S -e fc o o c o SSM'>#'h * i M5 ±f # x nSfcb * 

[003 1] tt&mi 

S4 0&&1/4 1ft£J?£2 5A/m(07Ky ?PeU>ffl 40 
£*LS£ttLT0 1 ±RaicBXaJBLTB3lC3F?B 

#2 8 AhCDy^OA>f^->-^mj&^^fcc C<7)J±R 

BiKoMrMLMttfr-afcBSL *8<B#;*(8di*< 
*£L. S*M'J>^til 1 0%<t*£<, rtfiPS»A<* 

[003 2] ttlKfl2 
HJfcfll 1 fCfcltSv— h-C. #fi* 1 6 g/W <t U 
7i/ -^l9-7©tilSff^6l^rtttB«a)8 50 



fr"CJS* 3 O//m0)v~h^< 0/: 0 "C**:^— hCD 
®»tSSI*206 0 C. 5lo»y»*l*0. 8kg/15 
mmrtl-Cfc^Tco C(Dv- KD^l^lTLgli 1 . 4 

UmV&^tzo C(Dv-h£mV HJfi®) 1 <t RIMlCfl 

MLKK^^ofcem. **0#x«u*<**u as 

0@l$ft5 0mml«OI«-C«»fl)taA<»BLT 
fey. »*«*fiCLTl^*»)WlB**ifc. 
[0 0 3 3] It1&0l3 

1 IwJSIfSv'— hX?. ^)*gS6 0 0ml/'j7 

hjo<ofc„ r^fci/-ha>»wasi*2oo°c. 51 

O»ya*(*0. 7kg/15mmrtl-C$iofcc 
:(0v- hCD^F^n^li 1 Ourrx {X) -Cfcofco ceo 

ffltfirofc. -(DltR^3lco^«T$!lLSiK^fTot-jS 

AMStt<D&±l=«|:-3T. k fl^li^BOmm 

iSga)Dia-ertaj<D«a^*»Lrfcy. M^se^ 

[O 0 3 4] 

[^ejeoas] **^iCcfctLiiiExu:aama*<-b/^u 

-***LTBBS*ifc»B*i::. **W<DBJBWs/<U 

[01] *jesBy^^ix-f*>-*«a(D-sgi(s«(Dsi 
[02] m*ftm<D*)T^u±**>zzxnft<D#M&m 
[B3] g!2(7)mjfe^-xwiciix«*n^s@ma{*a) 

««WIB7k«. 

[0 4] R«BO)»J^^A-r*>z:*«aa)SM!»«aH 

[05] **wo)y^oA-f^>-3»aii6cosffl^-r 

[S^CDlttB^] 

i.i4: 2 : iEa©a. 3 : gama. 4 : 
jEOiSM. 5 : iEamm(*. e : mbimi. 7 : a 
amm». 8:-b/<u— 9 : *y^neu>«^?L 

I, 10: 1 1 : jESU— K<*. 1 2 : ft 

■ 'J— K*, 13.51: 1 5 : O «J 1 

6:I6JS*7-, 17 :«8'J>^ 18:t^K 1 
9 : 4 4 : IMMXaJB** 4 5 : fl8 «J - h\ 

4 6 : iEay- h\ 4 7: mifefe. 4 8 : «ifiB. 4 

9 : aai®^. 5 0 : jEa^S^. 
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11] 



[@2] 



iE&CS2 



»»-fe/tl/-*8 
7 



sssssssssssssssssssssssssssssssss/ssssss/s. 



fiCSttff 6 
—8 



—8 



rs:i:Ui:S:3:::txS:t: 



vyssss/ysssssv^Assssyssssyss/sssAfssss/ss/y. 
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r::i:i:t jjjjjj ££££SS£ai2a ■SSSUajsj 
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ES«&2{ 1 
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mma5p°nJHE^t B a pJI| 6 Tl 7 §35-^ V : 

(72)*BJ# fate 

m^«|JD D pJIIIE* 0 D pJI|6Te 7S35^ y: 



